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THE NEW GR FREQUENCY STANDARD 


Like voltage, current, and impedance, 
frequency is a factor in most electrical 
measiirements. It enters directly into 
ac measurements, and indirectly into dc 
measurements, appearing most often 
as its reciprocal, time. Since time is 
reciprocally related to frecjuency, a good 
freriucncy standard can become a good 
time stamlard for time measurements. 
In vnew of the necessity for some sort of 
frecpiency standard for even a UKMLcycle 
impedance measurement, it has become 
almost routine for an electrical measure¬ 
ment laboratory to pos.scss a stable 
freciuency standard which can be 
checked against .standard-frecpiency or 
standard-time signals from appropri¬ 
ate sources. 

It would be a mistake to consider that 
a *‘frc(juency standard” consist(‘d solely 
of an extremely stable oscillator. Fre¬ 
quency dividers and multipliers are 
necessary to make the frecpiency stand¬ 
ard useful over the range of freciuencies 
covered by electri(*al measurement tech- 
ni(iues, and to permit calibration of the 
frecpiency in terms of recognized inter¬ 
national standards. The provision of 


standard output signals over the range 
from low audio to microwave frecpiencies 
insures maximum usefulness for applica¬ 
tions ranging from heterodyne-system 
frerjuency measurements to service as 
time-base reference in digital counters 
for fre(juency and time-interval meas¬ 
urements. 

The fre<juency standard described in 
this article makes available, in various 
combinations, erpiipment to produce 
fundamental frcjpiencies from (»0 cps 
to KKX) Me. It includes completely new 
instruments for generating the standard 
frcfjuency, for deriving the desired low- 
frerpiency sul>multiplcs, and for de¬ 
veloping harmonic-rich outputs. An 
improved Syncronometer* integrates the 
10(X)-cycle output to permit time com¬ 
parisons with standard-time transmis¬ 
sions, and the Tyi'e 1112-A and Type 
1112-B Standard-Frecpiency Multi¬ 
pliers* provide high-frequency outp\it up 
to thousands of megacycles. The.se 
several instruments can be u.sed individ- 

♦TrailtMuark p<'ndin(i. 

'Frank D. Ia-ww. **Ni*w Stan«lur(i>Fr(‘qmfa<!y Multi- 
Grnrrui lindio Erjterimniier, Vol. 32, No. 14, 
July, lO.iS. 



^ Figure 1. Frequency of Type 11t3-A Standard-Frequency Oscillator compared with 18.0-kc standard- 
frequency transmissions of NBA over a six-month period. The overage doily drift at the end of this 
period is 1.2 x 10 ’". The NBA transmitter is maintained on frequency by comparison with o cesium beam. 
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Figur* 2« Infercomporiton of fr»qu*nci«« of two Typo 1113-A Standard*Frequoncy Otcillofort. Tho 
shorl-torm froquency instability of ono oscillator olono is loss thon this combined instability by 1: 

Tho left-hand plot shows frequency variations averoged over 1-second sampiing periods; the right- 
hond piot shows frequency variations averaged over 0.1-second periods. 


imlly or in various comhinations to mft*t 
H|>e<*ific ikwhIs. 'rhoy arc «ic-sigiicd to co- 
oponite with the (leneral liadio Tyimc 
1105-H FnH|ucncy Measuring Equip- 
iiient as well as with (* 0110101 - 13^)0 frtv 
c| uency-ineii-siiring s\'.stcins. 

New techni(|Ues, cireuits, and com¬ 
ponents have been u.sed wherever ap- 
I)li(!able, consistent with conservative 
di^sign. Practical coinproniiscs have been 
sought throughout to provide perform¬ 
ance commensurate with the present 
state of tlic art at prices in keeping with 
e(|uipment for eviTyday use. Thus, in 
accord with (icneral Radio practice, the 
instruments are designed to be rugged, 
accurate^ and deix*ndable for ordinary* 
environments but not (with the consider¬ 
able addl'd cost lu'cessiiry) to cope u itli 
the stringent requirements of the mili¬ 
tary s(>rvices for extreme environmental 
conditions. 

The Type: KMHKMc Fre- 

qimncy Standard illustrated in Figure 1 
comprises the Type lll.’KV Standard- 


Frefpiency (Xscillator, the Type 
F'reqiiencj’^ Divider, the Type: 1103-M 
Syncronometer, and the Types lll 2 -.\ 
and 1112-B Staiidard-Fn^qiicney Multi¬ 
pliers. Usi»d in conjunction with the 
Type: 1105-B Frequency Measuring 
Iviuipinent and the new Type 1130-A 
Digital Time and Frequency Metor^ this 
yields a coin])rehon.sive line of integrati'd 
frequency-measuring equipment. 

THE TYPE 1113-A 

STANDARD-FREQUENCY OSCILLATOR 

The heart of the a.s.sembiy is, of course, 
the standard-frequency generator. Tlic ^ 
Oeneral Radio Type: 1 101 -B Piezo- 
Electric O-scillator, last of a long line* of 
distinguished predeces.sors, added its 
own contribution to theexc(*lient reputa¬ 
tion of General Radio freipuaicy stand¬ 
ards for dependability in the field. To- 
da 3 **s rtHpiiriMnents. however, demand 
consideralilv better .stability. 

*To Im> unnoutir^Hl itoit muath. 

*Jaiiieai K., Clapp, New FrtKjm»nc>‘ Standanl," 0*nrrtii 
fiadio Kxitrrimtnter, Vol. 3, No. It, April. 1920. 
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Figur* 3. Schematic of equipment used to obtain the data plotted in Figure 2. Two otciilalort ore com¬ 
pared at 1000 Me. The difference frequency fp ii made 1 cps for o 1-second sample or 10 cps for o 
0.1-second sample. The output from the mixer, about 500-mv peok-to-peak, is omplified to 50 volts 
peok-to-peak. A low-poss filter eliminates the small amount of 60-cycle and 120-cycle components 
introduced by the multipliers, its cut-off frequency is 15 cps. with better thon 40 db attenuotion at 60 cps. 
The period of the difference frequency ft, is meosured with the Type 1130-A Digital Time and Frequency 
Meter and its output '‘onverted into onolog form by the Type 1134-A Digitol-to-Anoiog Converter. The 
output is plotted by a Type 1521-A Recorder. This recorder has a bandwidth of 10 cps which permits the 
measurement of stability for 0.1-second samples. 
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'Fhe new Type 1113-A Standard- 
Fre(inc*ncy Oscillator, which replaces it, 
nses the Ooiiriet-C’lapp circuit^, instead 
of a naxiitied Mcachani bridge, and re¬ 
places the second-harnionic extensional- 
mode (piartz bar,* operating at 100 kc, 
with a contoured AT-ciit (piartz plate, 
operating at 5 Me. This plate, developed 
by a group at the l^ell Telephone Labora¬ 
tories* uiuler a Signal Corps cont ract, has 
a storage factor, Q, in the range of 2 to 3 
,\ 10*, which makes possible a high degree 
of decoupling between the frequency- 
control element and its maintaining cir- 
<’uit. This, in turn, minimizes short-term 
fref|uency variations. Care in processing, 
with particular attention to avoiding 
contamination,^ minimizes long-term 
drift. Over-all stability is therefore ex¬ 
cellent, as shown in Figures 1 and 2. 

Figure 4 is a schematic of the oscilla¬ 
tor, showing the frequency-control sys¬ 
tem and the delayed ACC, which main¬ 
tains the drive power to the crj’stal at 
approximately 0.5 x 10~* watts, a level 
carefully chosen to be large enough to be 

Ouines K. Clnpp, Broadcast Fiviiucucy Monitor for 
liia 2(1 Cycle Rule.*' General Itadio Experimenter, Vol. 14, 
No. 8, .lanuary 1040. 

E. P. Felrh and J. (). I.sracl, “A Simple Circuit for 
Krequoncy Standards Emplo>inK Overtone Crystals.” 
Prof. IRE, Vol. 43. No. .i, pp. .’iOti-OOS. .May, 1955. 

F. I>. l.ewi«, ”Fre<|Ueney and Time Standards.” Pror. 
IRE, Vol. 4.’i. No. 9.p. 10.5.5and .Appendixpp. 106.5-UMW. 
September. 1055. 

t.lamt'S K. Clapp, “On the Equivalent Circuit and Per* 
foriiionce of Plated C^artx Bars." Oenertil Rndio Experi¬ 
menter, No. 10-11, Vol. 22. Slarcli-April. 1948. 

•A. W. Warner, “Hinh-Frequency Cr>‘8tal Vnita for 
Primary Frequency .Standards,” Pme, IRE, Vol. 40, 
No. 9. pp. 10,30-1033. .September. 1052. 

* A. W. Wanter, “Frequency Atrinit of High-Frirquency 
Plated Crj’tftcU FniU.'* Prttc. IRE, Vol. 43. No. 7, pp. 
79(w7U2. July. 1955. 


‘‘out of the noise” for short-term fluctua¬ 
tions but .small enough .so that aging and 
variations of fretpicncy with drive level, 
which become significant at high powers, 
are minimal. Premium quality, long-life 
tube.s are u.stxl for oscillator and ampli- 
licTs to aissure reliability and to increa.se 
the time between tube replacements. To 
minimize effects of cathode-interface 
impedance* the o.scillator tube is op¬ 
erated at relatively low tran.sconduc- 
tanceand at reduced heater temperature. 
Filtered dc heater voltage minimizes 
bO-cycle frequency modulation, and well- 
regulated heater and plate supplies make 
the operation of the instrument sub¬ 
stantially independent of line voltage. 
.\c and dc feedback in the .\GC ampli¬ 
fier .sy.stem keeps the crystal drive level 
within 10% for 2:1 change in transcon¬ 
ductance of (he tubes. 

The temperature-control for the 
quartz plate i.s a two-stage system based 
upon the vacuum-bottle oven that has 
given excellent reliability over the years 
in the Type 1184-A-A Televi.sion Tran.s- 
niitter Monitor.'* The temperature of this 
oven is determined by a mercury ther¬ 
mostat, which provide.s an oii-olT signal 
to the grid of a thyratron that controls 
direct 1}' the low-power oven heater. 
Cyclical temperature changes arising 
from this on-off heating .system have 

*C, T. Kohn, “The Effect of a Cathode ImiRHlunct*on iho 
Frequency Stability of Linear Oanllatore,” Pror, IRK, 
Vol. 48, pp. 80-88. January, 1900. 

•C. Cady, "New Televisign Transmitter Monitor,” 
Genera/ Radio Experimenter, V'ol, 31, No. 4, September, 
1959. 



Figure 4. Block schematic of the Type 1113-A Stondord-Frequency Oscillator. 
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Figure 6. Interior view of the standard-frequency 
oscillator. Note that all parts are easily accessible. 
The crystal oven is ot the left. The amplifier tubes 
and other circuit elements are mounted on a Fiber- 
glos etched board in a cast frame. At the rear is a 
cooling fan with thermal cut-off, which turns off 
the power if the fan fails. 


been redueed to the order of O.OOl^C at 
the (juiirtz plate, and a re.‘<iiltant fre¬ 
quency cycling of less than 10"^“. A fan 
is used to efpialize the temperature in 
the cabinet in order to keep the instru¬ 
ment components cool and to provide a 


suitable ambient for the outer stage of 
the temperature-control .system. The ^ 
outer stage, itself, makes it necessary for 
the inner .stage to cope with only a small 
temperature ninge. The combination 
maintains at least a lo(X):l control ratio 
over an ambient temperature range of 
0° to 50°C\ 

To provide maxiinurn protection 
against changes in ambient temperature, 
the oscillator-circuit components that 
enter into the establishment of freciuency 
are all mounted in the oven with the 
quartz plate. The coarse frecpiency ad¬ 
justment, which covers a range of adju.st- 
ment of about 5 .x 10“^, is included among 
these components, and is provided with 
an ingenious driv'e mechanism that 
minimizes heat-leakage problems while 
assuring preci.se .settability. The fine fre- 
(juency adjustment, however, covers an 
adjustment range of only dz5 x 10~'-' 
and is not sensitive enough to ambient 
changes to warrant temperature control. 

It is individually calibrated to l>e direct 
reading, with divisions provided al inter- 



Figure 5. View of Type 1113-A Standard-Frequency Oscillator control panel. The front panel is held in 
place with two catches, and is easily removed for adjustment of controls or observation of oven per* 
formance. The meter can be switched to perform any one of several functions, as a diagnostic device. 
The coarse and fine frequency controls cover a total range of adjustment of 5 x 10 ‘ yet permit setting 
to 10 The fine control is direct-reading, with divisions spaced at intervals of 5 x 10'*^. 
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viils of 5 X 10 and is settable to 10"*". 

For operational checks, a five-point 
meter circuit is included. The meter 
checks osr'illator bias, rf output, plate 
current, inner-oven temperature, and 
outer-oveil temperature. 

TYPE m4-A FREQUENCY DIVIDER 

The Frequency Divider produces from 
the 5-Mc standard signal a series of out¬ 
put frequencies with fundamentals of 
1 Me, 100 kc, 10 kc, 1 kc, and 100 cps. 
.Vdditional plug-in units are available to 
furnish outputs at 400 cps and 00 cps. 
These output fre(|uoncies are essentially 
sine waves. For those applications 
where harmonic series are needed, the 
Type 1108-B Coupling Panel*" provides 
a harmonicvrich output. One of the 
important considerations in the de.sign 

»»Set» Typt* UO.VR Frwpiency-Muaaiminc Equipiiiont. 

paicp 12. 


of a frequency standard is that it “fail 
safe,” that Ls, that there be no possi¬ 
bility that either the output frequencies 
or the indicated time be in error as a 
result of failure (jf the standard-fre¬ 
quency signal. There are two fail-siife 
conditions in the Type 1120-Fre(|uency 
Standards. First, the synchronous clock 
will fail out of synchronivsm and not 
restart if the driving .signal fails or 
changes freciuency momentariU"; and. 
second, the frecpiency dividers have no 
output in the ab.sence of an input signal. 

The dividers, however, are designed 
to restart when the input .signal reap¬ 
pears. Thus no valuable data are lost in 
such applications as automatic fre¬ 
quency-comparison systems in the event 
of temporary power failure, while the 
clock stoppage indicates that the timing 
.sequence has been interrupted. 

Figures 7 and 8 show the mechanical 
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Figure 8. Rear 
view of the di¬ 
vider with plug¬ 
in units installed. 
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construction of the divider. Tlic front 
panel can be removed to make test 
points easily accessible from the front 
of the relay rack. Plug-in units for the 
desircHl output frequencies are insi»rt(Kl 
from the rear (Figure 8). A typical 
plug-in unit is shown in Figure 1). 
Transistors are used throughout for 
reliability, small size, and low-power 
consumption. Figure 10 is a block dia¬ 
gram of the divider. The 5:l-Mc divider 
is regenerative, while the lower-fre¬ 
quency dividers are of the switching 
type. 

The regenerative Pl-unit divides the 
origimil 5-Mc frequency (or, optioiuilly, 
2.5 Me) to 1 Me. Each of the following 
units (P2 to P5) divide.s by 10. The 
optional 4(K)-cycle unit selects the 
second harmonic of a 200-cycle signal, 
and the optional (K)-cycle unit divides 
2(X) by 10 and .selects the third harmonic 
of the 20-cyclc .signal. 

The 5:l-.Mc regenerative divider is 
shown in elementar>’ form in Figure 11. 
To explain its operation, let us assume 
the pre.sence of a small 1-Mc voltage in 
the l-.Mc circuit. This is multiplied to 
4-Mc, which is fed back to the mi.xer 
and heterodyneil with the 5-Mc input, 
increa.sing the 1-Mc output. 

Thi.s regenerative process produces a 
1-Mc sine wave. The operating condi¬ 
tions of the circuit are set to obtain 



Figure 9. View of o lypicol plug>in unit. 


limiting on a few tenth.s of a volt input, 
and the output is essentially constant 
over 5:1 drive range. For 2.5-Mc input 
the mi.xer generates the 5 Me second 
hannonic and works as de.scribed above, 
dividing effectively by 2 /5. 

The lower fretpiency dividers are of 
the “switching*' type. Figure 12 is a 
block diagram. The input signal, a 
w|uare wave, is differentiated. The 
trigger generator is an amplifier gener¬ 
ating short, positive trigger pulses. They 
are used to drive a monostable multivi¬ 
brator (one-shot). The time constant of 
this circuit is chosen to reset at every 
fifth trigger pulse. Hence, one output 
pulse is generated for every 5 input 
pulses. The next stage is a bi.stable multi¬ 
vibrator (flip-flop). The square wave 
from this flip-flop is one tenth of the 
input frequency. A narrow-band filter 
selects the fundamental component 



Figur* 10. Block 
diagram of the 
Froquency 
Dividar. 
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Figure 11. Elementary schematic of the 5:1 re¬ 
generative divider. 

which is tivailablc at the output ter¬ 
minal. 

The choice of a regenerative divider 
from 5 Me. to 1 Me and switching 
dividers for the lower frequencies was 
dictated by two considerations: The use 
of a regenerative divider above 1 Me is 
more economical, while below 1 Me 
switching dividers have better pha.se 
stability. An important objective of this 
design has been to obtain high-phase 
stability so that the output signals can 
be used for the generation of high-order 
harmonic spectra with a minimum of 
phase modulation. For such applica¬ 
tions, square-wave outputs are provided 
at 100 kc and 10 kc in addition to the 
sine-wave outputs. 

The phase stability of a divider may 
be expre.ssed in two ways: either in 
degrees phase angle of the output, or in 
terms of absolute time v'ariation (jitter). 
In a regenerative divider, the slope of 
the signal voltage decreiises by an order 
of magnitude for each division by 10. 
Assuming constant circuit-noise level, 
the phase-angle jitter will be invariant. 
This means that the time jitter in alv 
solute units increases by one order of 


magnitude for each decade of division. 
Switching dividers on the other hand 
may be assumed to have constant rise 
time regardless of fundamental fre¬ 
quency so that the time jitter remains 
invariant. This means that the phase 
noise is reduced by an order of magni¬ 
tude for each 10:1 division. Given an 
over-all division ratio of 1000, say from 
1 Me to I kc, and assuming that for 
each stage a switching divider con¬ 
tributed 1 nsec, then we will have a total 
of 3 nsec time jitter at the 1-kc output. 
If a regenerative divider operating ov-er 
the .same range starts with a 1-Mc slope 
equal to that of the swittdiing divider, 
then the 1-Mc to 100-kc .stage will 
contril)ute 1 n.sec as in the pulse system 
described above. From 100 kc to 10 kc 
the .slope of the .sinu.soidal waveform 
has decreased by 10:1, hence, the jitter 
will be 11 n.sec, and at 1-kc output, the 
jitter will be 111 nsec. This is 30 times 
more than the switching divider. 

While this hypothetical example is 
for illustrative purposes only, mea.sure- 
ments have .shown similar relationship 
between the jitter of such •circuits. A 
typical figure for the circuits of the 
Type lll4-.\ is an average of .05 n.sec 
of jitter per decade. The measurement 
was made with a sampling oscilloscope 
measuring the total jitter of the 100-c 
output with respect to the 5-Mc input. 

THE TYPE 1103-B SYNCRONOMETER 

The reciprocal relationship between 
frecjuency and time has been of prime 
importance from the earliest days of 
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Figur* 12. Block diagram of the twitching divider. 



lET LABS, INC in the Gen Rad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800 ) 899-8438 • fax: (516) 334-5988 


























GENERAL RADIO EXPERIMENTER 


10 


fiXMiuoncy staiuhinls. Time is a fuiida- 
mental dimension in our physical de- 
seriptions of lliings, and the need for 
more and more accurate meiisureinents 
of lime has steadily increased over the 
years. A fnapiency standaixl, which 
Kcnenites a series of events at a very 
con.staiit rate, can Ik? cemsidered as a 
linear inter|K)lator l)etwc?en measun*d 
times that mark th(! Ix^^innJng and end 
of time intervals, 'fo perform this func¬ 
tion it is necessary that the events Ih‘ 
countcnl over the interval, and this 
counting can Ik* nicely done by a syn- 
<*hninous I'lock. 

'I'he events counted are ultimately 
displayed by the (^l(»ck a.s t!U*ns of a 
shaft, or, in liner detail, by the angle of 
the .shaft. A clock designed to riui fn>m a 
fre<|uency .standard .should therefore run 
.smoothly, at a very constant angular 
velcM'ity, .so that its shaft angle lieiirs a 
constant relationship to the elfTtrical 
angle of the .sinu.soidal driving signal, 
and it should be provi<led with a mech¬ 
anism for accurately determining the 
shaft angle at any desinnl point in lime. 

'I'he (leneral Radio Syncromuneters” 
have, over the years, met these rcHpiiri*- 
ment.s admirably, a.s atte.sted by their 


use throughout the world. They an* 
ba,st»d, primarily, upon a KKXI-cycle syn- 
chroiaais motor havinga 100-toolh rotor 
fabricated from high-grade silicon-steel 
lamiimtion.s. Two driving coils, o|>- 
|K)sitely dispo.sed with respect to the 
rotor .shaft, carry the lOGOnycle driving 
signal .sufM*ri 111 posed upon a dc biasing 
current. Pul.ses of tonpie are therefore 
exerted upon the teeth at a lOOO-cy/'le 
rate a.s they pa.ss the pole pieces, ami the 
nitor .shaft turns at 10 revolutions per 
second, 'fin* rotor itself carries a circailar 
well, coaxial with the shaft, which con¬ 
tains radial baffle.s and which is partially 
filled with mercury. The mercury, in this 
configuration, does double duty in .s(*rv- 
ing as a heavy ma.ss to produce llywh(*el 
aiiion and as a damping agent to mini¬ 
mize hunting. 

The rotor shaft, which is vertical 
when the in.strument i.s in its normal op¬ 
erating po.sition, drive.s a horizontal shaft ^ 
at 1 revolution per .second through the 
combination of a worm and gear, 'riiis 
shaft, in turn, drives the clock me<'ha- 
nism through another right-angle worm- 

••"The T>-pe 411 S.^nrimimHiK Motor.” Omrml Hodio 
Ext^rrim^nter. \ ol. I. No. 11. May. 1927. 

n. .S. WilkiiiA, “.Synclironoun Motor-l>riv«»ii (lorkn.” 
ffMtrml Kadiit Ex\mTittH^ltr, \'ol. S. No. .’1, Ortuhrr. Ift.ltl. 



Figura 13. Type 1103>B Syncronometer. The new 34-hour dial face ic eatler lo read than the old. The 
microdiol ond second-hand shafts are accessible through the ports to the right and left of the clock face, 
respectively, and can be set with a crank. The Type 1103-B is completely self-contained, with its own 
power supply, and can be driven from ony one-volt 1000-cycle source. 
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Figur« 14. Succ^stiv* Iroces, at 2>kacond intervolt, 
of 1000-cycle tignoit terminated by closure of the 
contactor in the Type 1103-B Syncronometer. For 
comporitons with stondord-time signals the Type 
1109-B Comparison Oscilloscope is recommended. 

aiKl-geitr coinltination, which re<hK*e.s t he 
speed to 2 revoliitioius per minute, 'fhe 
.H'cond hand of the clock is driven from 
tliis shaft thnmgh a 2:1 differential 
which makes pos.sihle contimious adjust* 
ment of the second-hand position with¬ 
out alTecting the operation of the clock 
nattor in any way. The minutt^-hand anil 
hour-hand .‘^hafts arc positively driven 
hy the second-hand shaft, so that th<*ir 
relative positions remain correct wh(*n 
adjustments are made. The hands them- 
sL‘lves. however, are driven through slip 
clutches m that they can he individually 
si*t, when desireil. 

'Fhe one-revolution-per-second .shaft 
also drives the contactor that is used to 
determine the value of the shaft angle 
at a given moment in time. The con¬ 


tactor is mounted on a disc, who.se plane 
is normal to the shaft, on a iK^aring that 
is accurately coaxial with the shaft. The 
contactor is actuated by a cam on the 
shaft, and the angular position of the 
di.sc is adjustahh^ fmm the front panel 
through a worm-and-wheel drive. 
mechanical counter, driven from the 
adjusting shaft, provides an in-line 
digital readout that is direct reading in 
milliseconds and that can lie rcnid to 0.1 
millis<M*ond on an interpolating .scale 
having marks at ().2-inilli.second inter¬ 
vals. i'his choice of scale makes the 
re.sc)lution compatible with the uncer¬ 
tainty in pulse-starting time that arises 
from propagation anomalies for time 
signals r<M*eived over radio paths. This 
uncertainty, wliich may be as little as 2 
microsfTonds for ground-w*ave rweption, 
is generally about 0.1 millisecond for 
sky-wa ve re(*ept ioi i. 

“II. K. ■*I*n»rWon Fnxiurnry Conrrnl und 

MilliMTiiml Tiniinc.** of >»HI. I'rintrr?«*. p !>». 

Atiguril, lIHUl. 

30^ * 

i ”1 



cu>stiM riMc oeviATioNiMiu.isccoMOSi 


Figuro IS. Histogram showing th« random nature 
of voriotions in closure time of the contactor in the 
Type 1103-B Syncronometer. The overoge devia¬ 
tion is less than the overage uncertainty in sky- 
wove reception of time signals. 
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The Type 11()3-B Syncronometor, 
shown in Figure 13. i.s improv<*d over its 
prcd(r(‘s<»»r in several respects. From an 
openiting standpoint, however, the most 
imixirtant are, undoubtedly, the mc*- 
chanical fwiliires discussf^d above, which 
make possible more convenient, use with 
an improv(*ment in accuracy of 10:1. .\n 
important ingredient in the mechanicjil 
system is the contactor, which follow.s 
the general design of a contactor worked 
out by IF F. Hastings of the Naval He- 
.sejirch Lal>orator>'. This contactor- 
mechanism ha.** a ver>^ long service life 
l»ecau.sc wear is distributed over a large 
area, and an accuracy of closure of ap- 
pro.ximately dr50 to rtSO a^^'c, without 
‘‘bounce.” Figure 14 .shows typical per¬ 
formance foi signal display and Figure 15 
is a histogram of closing times.*’ The 
ruggetlne.ss of a simple mechanism, rc'- 
fined by iniprovenients bascil on exp<‘ri- 
enct\ pnivides a reliability of op<Tation 
and ejise of maintenance seldom ap- 
profichiKl by more complex systems in- 
corpiU’ating combinations of electric:U, 
optical, and me<*hanical techniques. 
Proven operating features include the 
ability to take a time-of-arrival reading 
without disturbance of the indicated 
time on the clock, and provi.^iion for 
starting the KKXbcycle .synchronous 
motor from the front panel. 

TYPE n05-B 

FREQUENCY-MEASURING EQUIPMENT 

Measurements of unknown fre(|uen- 
cies in tenns of a locally generated 
standard fref|uency are being nuide more 
and more with digital counting equip¬ 
ment, and the Type 1113--\ Standard- 

“Tlio rto^inv liinr i» uwhI {or rrfrrmco brrauM> ol in- 
hrrvnlly erpatcr tvliahility. For a drarriplion of of 
thr SyncrofMHnrirr F. D. ‘'Stan«iar<l Time 

Sifdui)*." (Jrnrral ffaJio Exttrrimmfer, Vol. 32, No. 13, 
Juiu*. lOiVt. 


Fref|uenc3' O.scillator and the Type 
1130-A Digital Time and Frc^quency 
.Meter have l>een de.'iigne<l to combine ^ 
the high accuracy and stability of a 
fref|uency standard with the liigh reso¬ 
lution and convenience of a counter. 

There arc, however, limitations to 
counters that make imperativ'e the use 
of either types of measuring in.strument. 

In particular, the counter Is inherently 
a broad-band device, wide op<*n to noist* 
and unable to distinguish between a 
wanted zero-crossing and an unwanted 
sj)ike. When measur(*ments of frecfuenc}* 
must be made in the pre.staice of noise 
there is therefore a need for devices that 
make this discrimination. The human 
ear is excellent for this purpose, and the 
radio receiver, with human operator, has 
found considerable use over the \^ears. 

The Type 1105-H Freciuencj’-Meas- 
uring Equipment comprise.s, ba.<icall 3 % 
three regenerative railio re<‘eivers, or 
tuned detectors, covering the fn^jiiency 
range from 1(K) kc to l(X) .Me, combined 
with three high-stability* heterodyne- 
frcquency-meter oscillators covering the 
fundamental frcfjuency ranges 100-200 
kc, 1-2 Me, and 10-20 Me. 'Fhe tuned de¬ 
tectors can be operateni either o.scMllating, 
for initial pickup of the unknown .signal, 
or non-oscillating for detection of the 
difference fre<|uenc.v betwwn the un¬ 
known .signal and a standartl-fretfuency 
signal. This standard-fre(|ueiuw .signal 
can be either a harmonic of the hetero¬ 
dyne-frequency meter, used to locate the 
frequency within dbO. 1%, or a lO-kc 
harnuinic of the Type 1114-.\ Freciuency 
Divider, used to make the final prcM’i.se 
measurement. The final measurement 
can l>e made by compari.sc)n of the differ¬ 
ence fre< 4 Uenc 3 * with that of the Type 
1107-A Inter])olation Oscillator, llie ^ 
re.solution and stability of this instru- 
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^ ment are adeiiuate to provide a precision 
of comparison of =t0.5 cps, and accu¬ 
racy corresponding can be assured by 
comparison of the output of the Inter¬ 
polation Oscillator with the 10()-('ps 
output of the Type 1114-A Frequency 
Divider to locate high-accuracy points 
on the dial. By adjusting the zero of the 
beat-fre(iucucy oscillator used in the 
Interpolation Oscillator, one can set the 
dial to read exactly at such points, 
thereby making the accuracy equal to 
the resolution. The fractional accuracy 
then becomes db5 parts in W for a 
fre(|Uency of HX) kc, increasing to =b5 
parts in 10'^ for a frequency of KKJ Me. 

The performance of the Type 1105-B 
Frefjuency-Measuring Fcjuipment great¬ 
ly exceeds that of its predecessor at the 
high-frequency end of its measuring 
range because the 10-kc and l(K)-kc 
^ harmonics are much stronger. The 
Type 1114-A Frequency Divider does 
not, in itself, produce a wide range of 
harmonic freciuencies. Av’alanche-tran- 
sistor harmonic generators have therefore 
been incorporated in the Type 1108-B 
Coupling Panel to perform this special¬ 
ized function. This approach produces 
strong, .solid harmonic ^‘picket fences'’ 
through and beyond the range of the 
Type 1105-B. 

The signal produced by the dilTerence 
freipiency between one of these pickets 
and the unknown fre<|uency is entirely 
adequate to drive a counter if the un¬ 
known signal is greater than about 
lOOav and “out of the noise." For 
measurements of this kind a counter 
can therefore be sulxstituted for the 
Type 11()7-A Interpolation O.scillator. 
For gcaieral “ofT-the-air" measurements, 
however, the di.scrimination that can 
^ be provided by the oscilloscope com¬ 
parison with the Interpolation 0.scillator 
is m many cases vital. 



Figure 16. Panel view of the Type 1116-A Emer¬ 
gency Power Supply. 

TYPE 1116-A 

EMERGENCY POWER SUPPLY 

An emergency power supply unit is 
available to maintain continuous opera¬ 
tion of a frequency standard comprising 
an o.scillator, frefiuency-<iivider, and 
clock unit. The Type 11 Fmergency 
Power Supply furni.shes ac power from 
storage batteries, the switch-over being 
accomplished automatically upon failure 
of the main ac .supply. The transition to 
batter}'^ supply occurs without interrup¬ 
tion of the continuous operation of the 
oscillator and timing system, so that 
calibration procedure involving time 
integration can be fully relied upon. 

While the design of the Type 1113-A 
Standard-Frequency Oscillator prevents 
the po.ssibility of permanent damage in 
the event of power failure, a period of 
hours or even days may be neces.sary for 
the standard to recov^er equilibrium after 
a temporary unsettiement caused by 
power failure. 

The emergency pow er supply is, tliere- 
fore, a recommended acces.sory for the 
frequency standard. 

— R. W. Frank 
— F. D. Lewis 
— H. P. Stratemeyer 

Note 

The de.sign of the various instruments 
making up the complete freciuency 
standard and measuring eejuipment has 
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calliMl upon the talents of many Cleneral 
Radio enKii‘t‘<‘rs. The eiirly concept and 
construction of the Type 1118-A Stand¬ 
ard-Frequency Oscillator was worked 
out by C. A. Cady; the final engiiKHTing 
development, was the responsibility of 
II. P. Stratemeyer, who was also com¬ 
pletely responsible for the development 
and design of the Type lll-l-A Fre¬ 
quency Divider. The development of the 
Type 1112 Fre(|uency Multipliers, which 


wa.s started by .1. K. Clapp, was com¬ 
pleted by F. D. I^wis, who, with R. A. 
Mortenson, was also responsible for the 
modifications to the Type 1 103-B Syn- 
cronometer. The avalanche tran.sistor 
harmonic generators for the Type I lOS-B 
Coupling Panel were designed by .1. K. 
Skilling. The over-all program was 
under the supervision of R. W. Frank. 

- Editor 


SPECIFICATIONS 


TYPE 1120 FREQUENCY STANDARDS 

Fjtrh frf<piciiry stamiard assM’inbly is »u|>- 
plird ill a Moor-ly|K* relay rack. The panels and 
relay rack an* iinished in tieneral Radio uray 
iTacklc lacquer. Spu«-e is available in Ihi; rack 
for addition of such auxiliary items os line- 
voltuRc n'Rulalors, emergency power sunply 
units, nuiio receiving equipment, and loinl 
s|K»aker8. 

The performance specifications of these 
frequency standards are li8le<l under the 
df'scription.s of the comiwnent units dc^scrilNsl 
in the following pages. Two mo<lels are avail¬ 
able, Tvi*e 1 120-A and Type 112U-AH. 

TYPE n20-A FREQUENCY STANDARD 
Compontntt: 

Type Stand.nrd-Frecpieney OKrillufor 

Type 1114-A FrtHiucncy Divider 

Type 1103-11 SyinTonometer 

Floor-type relay rack 

Blank [mneis to fill rack 

( onnwtion cables 

Output FrtquancUt: 5 Mc, 1 Mc, 100 kc, 10 kc, 
1 kc, 100 cps. Plug-in units for 4(K) rjw ami 
W) c|>s an* also available. See Type I114-.\ 
FrcHjuency I >i vider. 

Powur Input: 130 watts, maximtim, at 10.5 to 
125 (or 210 to 250) volts, 50 to fiO cps. 
Dimuntiont: Height 7fiFii width 22, depth 
18*'2 inches (1050 by .5(}0 by 470 mm), over-all. 
Net Weight: 82 pounds (37.5 kg). 

TYPE 1120-AH 

1000-MEGACYCLE FREQUENCY STANDARD 
Components: 

Type lll3-.\ Stundard-PriKiuency t hw illator 
Type 1114-.\ Fn*<|uency I>ivider 
Type 1 103-B Syncronometer 
Type 1112-.V Frequency Multiplier 
Type 1112-B Fre<iiiency Multiplier 
Output Frequencies: KXXI .Me, 1(K) .Mc, 10 Me, 
5 .Me, 1 .Me, 100 kc, 10 kc, 1 kc^ 100 cp.s; 
opIioTially 00 cps ami 400 cps. • 


Power Input: .330 watts, maximum at 105 to 125 
(or 210 to 2.50) volts, 50 to 00 ep.n. 

Dimensions: Height 70width 22, depth 
18* 2 inches (1050 by 500 by 470 mm), over-all. 
Net Weight: 142 pounds (05 kg). 

TYPE 1116-A EMERGENCY POWER SUPPLY 

Input: 115 or 230 volts, 50 to tiO cps from power 
line. 28-32 volts, 7.5-0.5 amp from batter>* 
(when operating fre<|uency staralard). 

Output: 115 volts, tiomimd, 00 cps, 180 watts 
continuous. Fre(|uency stamlard requires 130 
watts, max. 

Accessories Required: 2H-, 30-, or 32-volt battcr>‘; 
buttery charging c<|uipmcnt. 

Dimensions: D'ligth 10, height 10 inch«*s 
(485 by 270 mm), depth behind panel 13inches 
(330 mm). 

Net Weight: .58* 2 pounds (20.0 kg). 

TYPE ina-A 

STANDARD-FREQUENCY OSCILLATOR 
Frequency Stability: 

.Aging: l/css than 5 x 10 |a*r day, averagtsl 
over 10 days, after 00 days of operation. After 

1 year of o|)eration typical drift is less than 

2 X 10per day. 

Short-Term: Belter than I x lO"*" |M‘r 
minute, as measured with 1-second samples. 

Oven Cycling: Less than I x 10'*® pe.ak to 
peak. 

.Ambient: than I x 10"*®,'°C’ (5 x 10 • 

for 0-.50T'). 

Line: I.ess than I x 10"’® for 105 to 130 volts. 
lA)ading: I/ess than ±2 x 10"^® for 50 ohms 
± 20 ' 0 . 

Frequency Adjustments: 

Coarse: .Appnjximately 500 v 10'®. 

Fine: :i:5 x 10 "• in tlivisions of 5 x 10"'®. 
Settability: To 1 x 10"’®. 

Output: 1 volt rms into 50 ohms at 5 Me. .4 volt 
rms forOenend Radio Type !ll2-.\ Fretiueney 
Multiplier. 
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Power Input: 105 to 125 (or 210 to 250) volts, 
50 to 00 (‘iw*, 1(K) watts. 

Tube Complement; Ono 0AX8, 5AV5<.'i.\. 

5iR»5, 5727, 5(»51, 0022 1C88(*('; thm* 

IV08S KISOF. 

Trontistor Complement: Olio each 2.\ 11«^S, 
2M372, two 2.\445A. 

Oimentiont: Panel, 19 by 5*4 inrh«^s» (4S5 by 
135 muii; (lepth behiiul panel, 10 inches 
UlO mm). 

Net Weight: 30 pounds (13.0 kg). 


TYPE 1114.A FREQUENCY DIVIDER 

Transistor Complement; One meh 2N045 and 
2M218, two 2N1390, thr(‘<* 2.M372, four 
2\520, seven each 2.\109.\ and 2.\582. fifteen 
2N4(V1. and si.xteen 2N1374. 

Input: 5 Me, 1 .Me, 100 ke, 50 ohms. 1 volt 
± 50 ^ 

Output: (with 5-.Me in|»iit): 5 Me 
Sine Waves; 

1(10 kJ*'} I v{l'J";|jinto.50ohn«. 

Ill 1**’ ) f-l-*M1' ■ ' 

1 kc > 1 V {ohm.** 

100 c ) 

*^r>I) c } * ( —lO'^l} ohm.>< 

•1 tlilirmoJ nrr p iMiriw 

S<|nare Waves: 100 kcl .Vpproximately 7 

10 ke/ volts pp open circuit 

Spurious Signals: lii>tter than 34 db down. 

Jitter: I.i'ss than .5 n.*M*c for 100 c output with 
n*s|H*ct to 5 .Me input. 

Power Input: 105 to 130 (or 210 to 2li0' volts, 
50 to 400 cps, ap))ro.ximately 7 watts. 


TYPE n03-B SYNCRONOMETER 

Input: 1000-<*vcli* sine wave, one volt into 
.50,(RK) ohms.* 

Microdiol: 

('ontactor Stability: .Maximum contact clos¬ 
ing time deviation at any micnKlial setting is 
rfcO.l msec. 

Calibration Errors: The maximum deviaturn be¬ 
tween tin* indicated microdial setting and the 
actual contactor closing time varu's .sinu.s<iidally 
from 0 to ±1 nuHx* over the lOOO-rnsis- range. 

Accuracy of Time Increments: The nmxiinilin er¬ 
ror over a lime interval of 25 nis<*c is =t2*7f 
drO.l msexv 

Power Input: 105 to 125 (or 210 to 250) volts, 
.50 to 00 cps; 22 watts, continuous; 10 watts for 
starting motor. 

Dimensions: Panel 19 by H* | inches .485 by 225 
mm'; depth liehind panel, 11 inches (280 mm). 

Net Weight: 35 pounds l(l.0(kg). 


TYPE 1112.A 

STANDARD.FREQUENCY MULTIPLIER 

Spurious Signols: Tnwantril harmonics of the 
input fnx|iiencv an* at leiist 100 db 1 h»1ow the 
desireil output fn*<|uency. 

Frequency-Modulation Noise: Lcss than d:l X 
10 residual noise. 

Locking Range: The input .signal can drift ±15 
parts in 10* lM*fon* thi* loi'kisl o.M*illator K(m*s out 
of control. 

Bondwidth: (lOxpressed as allowable frequency- 
deviation rale) 

Input: 1 volt, ICKhkc sine wave from standard- 
fniiuency (a<cillntor. Can also be driven at 
input fn*<|uencies of I, 2.5, and 5 Mr; rerpiireil 
input is appnixiinatt'ly 5 volts. 

Will run frtH* with no input signal, but ab.so- 
lute fn*quem*y nuiy Iw in error by sevend parts 
{NT million. 

Qutput: Four channels; one each of 1 .Me ami 10 
.Me, and two of 100 \Ic; all sine wave; all 50 
ohms; 20 milliwatts, max., iiilu 50 ohms. 

Qpen-Circuit Qutput Voltage: .Vpproximately 2 
volte. 

Terminals: Typk S74 Coaxial CVmms'tors; 
adaptors .are available to (it all commonly usnl 
<*onnfs*tor ty|a*«. 

Tube Complement: Two each li.Vl (>, t)C4. t>IK '.5, 
GCY5, 0X8; threa* O.VNS; one each liOSO, 
I2AX7, 5651. 

Power Supply: 10.5 Ui 125 (or 210 to 250 > Vrdts, 
.50 to 00 cycic.s, 110 watts. 

Accessories Supplied: Typk t ’.\P-22 Power (’ord, 
Tvi'K 874-U22 Patch (’onl. two Tyi*k 874-(\58 
Cable Conntvtors, spare fuM*s. 

Dimensions: Helay-ruck panel, 19 1^' 12*4 tnch(‘S 
( ISO by 330 mm); depth, 11 *«j inches (310 mni). 

Net Weight: 25 pounds 11 1.5 kg). 


TYPE ni2-B 

STANDARD-FREQUENCY MULTIPLIER 

Input: 20 miiliw.'itts, 1(K) .Me. .sine wave from 
Typk 1112-.V Slnndard-Fre(|ueney .Multiplier; 
.50Hihni input imiKslance. 

Qutput: 1000-Me sine wave; 50 mw into 
.50-ohm loa<I; .50-ohm output imprslarice. 

Locking Range; ±IO()kcut the input fre<]Uency. 

Bandwidth: Allowable fr<*<|Ueiiey deviation rale 
i.s HNl.OIK) cych*s at the input fr«*<|uency. 

Tube Complement: Thnn* ear'll O.-VCtS, ti.\l’.5(IT, 
12.\.\7, .5651; two 6.\K5; one eaeh 6U6, IhVCG, 
6H.M6, ,5876. 

Power Input: 125 Watts. 

Accessoried Supplies: Typk C.V P-22 Power ( ord. 
Type S74-C.5S Cable C’onnis*tor, two Type 
874-H22 Patch (Vinls, spare fiis(*«. 

Net Weight: 35 |H>Und.s (16.0 kg). 
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r>thcr Hi)ecification« are identical with those 
for Type 1112-A, alwve. 

For a roinnlete description of these instru¬ 
ments, see the General liwiio Experimenter, 
32, U), July, 1958. 


TYPE 1105-8 

FREQUENCY-MEASURING EQUIPMENT 

Dimensions: Height 76H» width 22, depth 20y^ 
inches (1950 by 550 by 500 mm), over-all. 

Net Weight: 370 (>ounds (108 kg). 


Type 


Code Word 

Price 

1120-A 

Frequency Standard .. . . 

ENDOW 

$3640.00 

1120-AH 

1000-Megacycle Frequency Standard 

ENJOY 

6450.00 

1116-A 

Emergency Power Supply 


540.00 

1113-A 

Standard-Frequency Qtcillator ... 

Al.U)T 

1550.00 

1114-A 

Frequency Divider .... 

AIM>WN 

950.00 

1114-P6 

400-cycle Plug-in Unit . .... 

CA.\1EI. 

85.00 

1114-P7 

60-cycle Plug-in Unit .... 

CAUF 

115.00 

1103-B 

Syncronometer .. 

ACDIT 

900.00 

1112-A 

Frequency Multiplier . 

EPOCH 

1450.00 

1112-B 

Frequency Multiplier . 

EFODE 

1360.00 

1105-B 

Frequency-Measuring Equipment .. 

MITEK 

5900.00 


U.S. Patenf No. 2..'i48,4.‘i7 
Petent Pcndina 


PRECISION CONDUCTANCE BRIDGE 


A precision coiuliictaiicc l)ridge em¬ 
ploying a (Jencral Radio Type l(i05--\ 
Impedance C'omparator is described in 
the March issue oi Journal of the Electro- 
ch micnl Society} DesigntMl for use in t he 
electrochemical laboratory, the bridge 
has bc^en used for studies of t he electTical 


conductances of high-tem|>erature mat¬ 
ter, inorganic sjilt systems (240-l(KK)°Cy) 
and solutions of electrolytes in atjueous ^ 
and organic solvents at temperatures 
of()-l5°C. 

Ki««onci» J. Jans and James D, II. .Meintyne, **A Piveinion 
Condurtancp Hrid^* of Ne»* Ikrsiitn.** Journal of thr 
Elartrtx-hrmu-al Sotirly. Mnrrh. tMl. 


•j 


REPRESENTATIVE APPOINTED FOR NEW ZEALAND 


The firm of W. and K. McLean, 
Limited has been appointed General 
Radio sales represenUitive for Xew 
Zealand. All technical and commercial 


inquiries regarding General Radio prod¬ 
ucts should now be directeil to that firm, 
R. O. Bo.x 3097, Auckland. 


General 


Radio Company 
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